In this study, we propose a methodology to obtain a family of biomimetic substrates with a hierarchical rough topography at the micro and nanoscale that span the entire range of wettability, from the superhydrophobic to the superhydrophilic regime, through an Ar-plasma treatment at increasing durations. Moreover, we employ the same approach to produce a superhydrophobic-to-superhydrophilic surface gradient along centimetre-length scale distances within the same sample. We characterize the biological activity of these surfaces in terms of protein adsorption and cell response, using fibronectin, a major component of the extracellular matrix, and C2C12 cells, a myoblast cell line. Fibronectin conformation, assessed via binding of the monoclonal antibody HFN7.1, exhibits a non-monotonic dependence on surface wettability, with higher activity on hydrophilic substrates (WCA = 38.6 ± 8.1°). On the other hand, the exposition of cell-binding epitopes is diminished on the surfaces with extreme wetting properties, the conformation being particularly altered on the superhydrophobic substrate. The assessment of cell response via the myogenic differentiation process reveals that a gradient surface promotes a different response with respect to cells cultured on discrete uniform samples: even though in both cases the same non-monotonic differentiation pattern is found, the differential response to the various wettabilities is enhanced along the gradient while the overall levels of differentiation are diminished. On a gradient surface cells are in fact exposed to a range of continuously changing stimuli that foster cell migration and detain the differentiation process.
Introduction
Surface gradient materials are of foremost interest in regenerative medicine, as they allow one to investigate, on the same substrate, cellular responses to a continuous range of physical, chemical or biochemical stimuli. 1 Besides their huge potential as tools for an effective approach to tissue engineering (chemical and/or physical gradients can be directly incorporated into the design of biomaterials to engineer heterogeneous tissues and tissue interfaces), such gradient surfaces are of particular interest for basic studies of the interactions between biological species ( proteins, cells) and surfaces, since the effect of a selected property, such as chemical composition, 2 stiffness, 3 or protein adsorption, 4 can be examined in a single experiment on one surface, without introducing experimental artifacts due to discrete substrate preparations. 1, 5 Among them, the wettability gradient is one of the most interesting and one of the most studied, given its numerous practical applications, such as biomolecular interaction investigations, cell-motility studies, diagnostics, nanotribology, liquid self-transportation, and microfluidics. [6] [7] [8] Some groups have reported the preparation of wettability gradient surfaces and their uses in studying interaction phenomena with proteins and cells;
in terms of protein adsorption and cell behavior. As a matter of fact, the use of this kind of materials has generated an increasing interest in the biomedical community, as indicated by the recent studies addressing cell response on uniform or patterned substrates with extreme wetting properties. 11, [13] [14] [15] [16] [17] The extension of surface wettability gradients to include the superhydrophobic (SH) and the superhydrophilic (sh) limits has been recently explored; 11, 12, 18, 19 nevertheless, to the authors' knowledge, no study has yet addressed cell response along this kind of gradient.
Whether it presents a gradient or a uniform surface, a substrate does not interact directly with living cells; this interaction primarily depends on the nature and bioactivity of the layer of extracellular matrix (ECM) proteins that adsorb onto the surface of the substrate upon contact with physiological fluids in vivo or culture medium in vitro. [20] [21] [22] [23] Cells recognize these proteins via a family of αβ heterodimers, integrins, which provide trans-membrane links between the ECM and the actin cytoskeleton. 24 Substrate-bound integrins cluster and develop discrete supramolecular complexes, focal adhesions, that contain important structural proteins (e.g., vinculin, talin, tensin) and signalling molecules (e.g., FAK, Src, paxillin); focal adhesions anchor the cells to the surface and trigger the subsequent cellular response. 25 Among the proteins of the ECM that mediate cell adhesion, the importance of fibronectin (FN) was recognized earlier. 26 FN is a high molecular weight glycoprotein, consisting of two subunits of 220 kDa, covalently linked by a pair of disulfide bonds near their carboxyl termini; each subunit contains three types of repeating units (termed FN repeats I, II, and III) that mediate interactions with other FN molecules, other ECM proteins, and cell surface receptors. Through these kinds of interactions, FN comes to play a fundamental role in mediating and promoting cell adhesion, and in regulating cell survival and phenotype expression on different substrates. [27] [28] [29] [30] [31] [32] [33] [34] Indeed, the nature of the surface chemistry has been demonstrated to modulate the amount and the conformation of adsorbed FN. 27 In this study, we investigate FN adsorption, in terms of amount and conformation, and the subsequent cell response, through the myogenic differentiation process, along a superhydrophobic-to-superhydrophilic wettability gradient obtained via plasma treatment of a superhydrophobic polystyrene (SH-PS) surface.
Results and discussion

Surface properties
Superhydrophobic polystyrene (SH-PS) surfaces were prepared via a phase-separation methodology according to an established protocol. 15, 35 Briefly, polymer precipitation onto a smooth PS substrate was forced by immersing a solution of the polymer in a nonsolvent (ethanol), and led to the formation of a rough surface that exhibited high water repellency (Fig. 1a) . This superhydrophobic effect is the result of the hierarchical roughness created on the surface of a material with low surface energy ( Fig. 2a) : spheres with sizes from about 50 to 200 nm agglomerate in larger micrometre structures that prevent the intrusion of the liquid into the valleys of the roughness, in such a way that a water droplet is suspended above the asperities of the surface. This situation is called the Cassie-Baxter state, after the corresponding theoretical model: 36, 37 the apparent contact angle of the SH-PS results from the contribution of two different phases, one being the solid polymer fraction (PS, WCA = 89.3 ± 1.6°, Fig. 1 ) and the other the air pockets trapped within the surface roughness (WCA = 180°). Hence, the contact angle measurements of the smooth and rough surfaces suggest that only about 10% of the liquid is in contact with the material surface, 17, 35 a fact that will surely affect initial protein adsorption and cell behavior at the interface with SH-PS. A surface such as the superhydrophobic one that we have generated is prone to chemical modification to form a superhydrophilic substrate; indeed, topographic effects, besides amplifying the intrinsic contact angle of an already hydrophobic surface, can also enhance partial wetting and yield superwetting properties. 38, 39 Hence, tuning the surface energy of the substrate by introducing hydrophilic groups, a controlled change of the surface wettability might be obtained. As a method to achieve this goal we used plasma treatment in an argon working atmosphere: a plasma discharge produces radicals on the material surface, forming unstable species that are susceptible to reaction with the oxygen present in the residual air within the plasma chamber, eventually yielding various oxygen-based polar functionalities (hydroxyl, aldehyde and carboxyl groups). 11, 15, 35 The oxidation of the surface allows one to control the wettability by tuning the exposure time to the plasma; having optimized the experimental conditions (base pressure of 18 Pa, argon flow of 100 sccm, power of the plasma discharge of 30 W), we obtained surfaces with progressively 
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decreasing contact angles at increasing treatment times ( Fig. 1) : starting from the SH surface we obtained a hydrophobic one (WCA = 91.6 ± 5.3°) for treatment time t = 18 s (SH-PSpl18s), a hydrophilic one (WCA = 38.6 ± 8.1°) for t = 35 s (SH-PSpl35s), and finally a superhydrophilic one (WCA < 5°) for t = 150 s (SH-PSpl150s or sh-PS). Moreover, scanning electron microscopy of the substrates revealed that the plasma treatment did not affect the topography of the surface neither at the micro nor at the nano-scale ( Fig. 2b-d) . Concordantly, the surface roughness, measured via AFM (R rms = 548 ± 148 nm), was not affected by the Ar-plasma treatment. These results point out the changes in wettability as a sole consequence of the chemical modification induced by the plasma discharge. Indeed, changing the chemical composition of the surface with the introduction of high surface energy groups drives a transition from the Cassie-Baxter state to the Wenzel state, 6, 12 described as the penetration of the liquid into the asperities of the substrate; 40 in this situation, the Wenzel model, which dictates the enhancement of the wetting property of the surface as a linear function of its roughness, applies. In the case of a hydrophilic surface, this implies that the roughness will make it more hydrophilic, eventually determining a superhydrophilic state: 37,39 after a 150 s-plasma treatment, the WCA of smooth PS only decreases to 37.1 ± 2.4°, whilst the rough substrate becomes superhydrophilic (Fig. 1) . Moreover, the surface roughness becomes impregnated with water as a result of a capillary effect that further improves the wetting (Fig. 1d) . 38 The methodology applied to produce this family of surfaces that present the same rough topography but controlled wettability, spanning from the SH to the sh limit, can be straightforwardly adapted to the creation of a surface gradient exhibiting this range of wetting properties in one sample. Indeed, using a moving mask that gradually exposes a rectangular SH-PS sample to the plasma discharge, a surface gradient of wettability can be obtained, whose slope is tuned by varying the speed of the mask (Fig. 3a) . With a mask moving at 140 μm s −1 a full wettability surface gradient was obtained along a distance of 3 cm (Fig. 3b ).
Fibronectin adsorption
It is well established that cell adhesion and subsequent response to a synthetic material is mediated by a layer of extracellular matrix (ECM) proteins, which adsorb onto its surface upon contact with physiological fluids in vivo or culture medium in vitro. 20, [41] [42] [43] Hence, fibronectin (FN) adsorption was investigated on the surfaces with different wettabilities produced in this study (SH-PS, SH-PSpl18s, SH-PSpl35s, and sh-PS). The amount of FN adsorbed onto these surfaces, from a 20 μg mL −1 solution, was found to decrease monotonically with increasing wettability (Fig. 4a ). FN has been previously reported to adsorb in greater amounts onto hydrophobic rather than hydrophilic surfaces, 33, 34, 44 and our results suggest that this behavior is maintained when extreme wetting properties are included. As a matter of fact, Neto et al. also observed a similar trend of fibronectin adsorption on surfaces ranging from superhydrophobicity to superhydrophilicity. 15 With regard to the protein conformation upon adsorption, an enzyme-linked immunosorbent assay (ELISA) with monoclonal antibodies was used to measure the availability of cell adhesion domains, which is a well-established method to probe for structural or conformational changes in adsorbed proteins. 45, 46 The antibody used, HFN7.1, binds to the flexible linker between the 9th and 10th type III repeats in the central integrin binding domain of FN, 28, 47 and has been demonstrated to be a receptor-mimetic probe for integrin binding and cell adhesion. 27 Results (normalized by the surface density of FN) show a non-monotonic dependence of FN activity on surface wettability: the protein adopts a more favorable conformation on the hydrophilic surface (SH-PSpl35s), whilst the exposure of cell-adhesive epitopes is significantly impaired on the superhydrophobic substrate and is diminished on the hydrophobic (SH-PSpl18s) and on the superhydrophilic (SH-PSpl150s) one (Fig. 4b) . As a matter of fact, it is generally believed that hydrophilic substrates induce less modification in the conformation of adsorbed proteins; thus, proteins would retain a more active conformation on hydrophilic substrates as compared to the one that they adopt upon adsorption onto hydrophobic substrates. 48 In the case of FN, several studies have confirmed that while hydrophilic surfaces promote the extension of its dimer arms, in a conformation that favors the binding of antibodies against cell-adhesive epitopes, hydrophobic surfaces promote the disruption of its secondary structures, negatively affecting cell response. 28, 33, 49, 50 However, these studies have been performed just on surfaces with wettabilities in the hydrophobic-hydrophilic range. Generally, protein adsorption studies on superhydrophobic and/or superhydrophilic surfaces are meant to determine the effectiveness of such surfaces in resisting protein adsorption, [51] [52] [53] [54] [55] and do not investigate their conformation. We have previously shown that FN adopts an altered conformation on rough SH-PS compared to smooth PS, and this phenomenon consequently affected cellular response. 17 This conformational change was 
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argued to be a consequence of the extreme wetting property of the substrate rather than a direct effect of surface roughness. 17 Indeed, even though micro-and nanotopographical cues are known to influence protein adsorption, in terms of amount, [56] [57] [58] conformation, [59] [60] [61] and distribution, 58 in the case of a SH substrate the roughness of the surface provokes specific phenomena at the material interface due to the Cassie-Baxter state: the suspension of the liquid over the asperities of the surface provokes the appearance of shear forces that affect the conformation of the protein, 62 possibly leading to its denaturation. At increasing wettability, besides the already discussed positive effect of the surface intrinsic hydrophilicity, the transition from the CassieBaxter to the Wenzel state might also promote higher FN activity. Indeed, the penetration of the liquid into the asperities of the surface annuls the above-mentioned denaturing forces and simultaneously exposes the entire rough surface to the solution containing the adsorbing proteins; in this situation, the nanotopographical features of the roughness might favor FN adsorption in a conformation that enhances the exposition of cell-binding epitopes; a surface presenting 200 nm spherical features was in fact observed to induce FN spreading and consequently enhance cell adhesion. 59 In our system, this interplay of surface nanotopography and surface energy appears to prompt an optimal FN conformation on the hydrophilic surface (SH-PSpl35s, WCA = 38.6 ± 8.1°).
Myogenic differentiation
Cell response to this family of substrates with wettability ranging from the superhydrophobic to the superhydrophilic regime was assessed by studying the myogenic differentiation of C2C12 cells. Sarcomeric myosin immunodetection revealed a non-monotonic dependence of the degree of differentiation on surface wettability, with a maximal enhancement of differentiation on the hydrophilic substrate (SH-PSpl35s) (Fig. 5) . Specifically, on SH-PS myogenic differentiation was diminished with respect to the collagen type I control, considered as the standard substrate for myogenic differentiation; 50,63 then, it progressively increased with increasing wettability until the hydrophilic surface, the increase between the samples and with respect to the control being statistically significant (Fig. 5b) . Cell density was observed to increase substantially with increasing wettability, and to stabilize to similar values on the hydrophilic and superhydrophilic substrates (Fig. 5b) . When cells were cultured along a gradient of wettability spanning the same range of wetting properties as the discrete samples, the same non-monotonic differentiation pattern was found, but the differences between the positions along the gradient were enhanced and, overall, the differentiation levels were significantly reduced with respect to the collagen control (Fig. 6 ). This differential behavior between discrete samples and gradient is explained in terms of the migration phenomena that occur when cells are exposed to a continuously changing range of stimuli, which will be further discussed later in this section.
On the whole, these differentiation results may be justified as a consequence of the different conformation that FN adopts on these surfaces (Fig. 4b) . Both on the discrete samples and along the gradient a maximum of myogenic differentiation was encountered where FN activity was the highest, i.e., on the hydrophilic sample and in the hydrophilic portion of the gradient; in fact, a FN conformation that favors the exposure of α 5 β 1 integrin binding sites has been shown to be essential to trigger myogenic differentiation. 32, 50, 63 Within this perspective, our results suggest that the modulation of FN conformation may be used to tune myogenic differentiation. Moreover, it supports the hypothesis that initial events at the cell-material interface (e.g., protein adsorption and cell adhesion) determine cell functionality in the long term (e.g., cell differentiation).
Further insight on this phenomenon may be obtained by observing cell response along the gradient at different time points (3 h and 24 h) (Fig. 7) . Initial cell adhesion was impaired on the SH end of the gradient, where fewer cells adhered and presented a not completely matured cytoskeleton with no evidence of defined stress fibers; at increasing hydrophilicities a higher cell density was detected and cells gradually adopted a more spread morphology and a more developed cytoskeleton organization with clear stress fibers (Fig. 7a-c) . After 24 h of culture, cell density increased (Fig. 7a) and cells started to acquire a more mature morphology, with a well-developed actin cytoskeleton, also on the SH portion of the gradient (Fig. 7d and e) . After the first day of culture, cell density increased only on the superhydrophobic and hydrophobic portions of the gradient, whilst it remained stable on the hydrophilic and superhydrophilic ones (Fig. 7a) . On the whole, these data indicate a delayed cell response on the SH surface, confirming previous results; 11, 14, 16, 17 cells have been in fact shown to adhere mainly to some points of the asperities on the surface, since the Cassie-Baxter state prevents the medium and the cells from being in contact with the entire surface. 11 As a result, cells adopt rounder morphologies 11, 17 and, if presented with patterned superhydrophobic/superhydrophilic substrates, adhere preferentially onto the wettable regions, 14 where the medium completely wets the roughness of the surface. In time, cells adhere to the superhydrophobic substrate and start proliferating; 14 a partial transition from the Cassie-Baxter to the Wenzel state might also occur during the culture, 16 contributing to this late cell response. As a result, in our system the delay in cell adhesion on the superhydrophobic region correspondingly detains the myogenic differentiation process. On the other hand, on hydrophilic and superhydrophilic surfaces, cells have been shown to adhere promptly 11, 14 and, in these conditions, the differentiation process is not detained. Within the cell-protein-material interaction paradigm, the differential adhesion behavior observed on surfaces with distinct wettabilities is again a consequence of the ECM proteins adsorbed onto the substrate. In our case, the different conformation of the absorbed FN appears to influence initial cell adhesion in a way that strengthens the above mentioned effect that protein conformation has on myogenic differentiation. Likewise, the community effect that may derive from higher cell densities might favor myogenic differentiation on areas with higher wettability, where the number of adhering cells is greater compared to substrates with lower wettability. Several authors have investigated the effect of cell density on cell differentiation. [64] [65] [66] [67] [68] For the myogenic lineage, the ranges of densities considered in the literature span a ten-fold or hundred-fold variation between high and low cell density; [64] [65] [66] [67] that is a much greater range than the one encountered in our 
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study (approximately a 2-fold and a 1.3-fold maximum variation between samples or portions within the gradients, respectively). On the other hand, Gobaa et al. reported a strong cell seeding density-dependence for the adipogenic differentiation of cells of the mesenchymal lineage at low density differences; however, the entire range of cell densities considered by the authors is lower than the one employed in our study. 68 Hence, cell density, although possibly having a favorable effect on differentiation, is not deemed to be the driving force that determines cell response in the conditions of the present work. Within this respect, it is worth noticing that surfaces that promote similar cell attachment, such as the hydrophilic and superhydrophilic one ( Fig. 5b  and 6b) , display a different behavior in terms of myogenic differentiation, as a result of the changes in protein conformation. Along the gradient, where cells are exposed to a continuously changing range of stimuli, cell response differs from the one observed on the discrete uniform samples in two aspects: the diminished levels of differentiation and the enhancement of the differences in the degrees of differentiation between different wettabilities. These phenomena result from the interplay of migration and differentiation along the gradient, as previously observed by us for C2C12 cells cultured along a gradient of FN activity. 4 Cell migration is in fact inversely correlated with the differentiation of myoblasts, 69, 70 so that migration phenomena along the gradient may delay and hamper cell differentiation with respect to discrete uniform samples. Cells, whichever portion along the gradient they initially adhere to, are in fact exposed to a continuous range of dynamically changing stimuli, so that the environment that they experience is intrinsically different than a uniform one and may locally trigger cell migration phenomena. The previously discussed differences in the velocity of initial cell adhesion on the various parts of the gradient might also play a role in determining these changes in cell differentiation levels. Cells would in fact initially concentrate on the portions of the gradient with higher FN activity, delaying further the response on the superhydrophobic surface and enhancing the differences in the differentiation levels between different wettabilities. Likewise, during the initial stages of culture, some of the cells seeded onto areas of lower FN activity may detach and adhere to portions of higher FN activity, contributing to the same effect of enhancement of the differences in the differentiation levels.
Experimental section
Preparation of the superhydrophobic surface
Superhydrophobic polystyrene (SH-PS) surfaces were obtained using a one-step phase-separation methodology under ambient atmosphere. 35 A 70 mg mL −1 solution of polystyrene (PS, commercial granules of an injection molding grade, Sigma-Aldrich, St. Louis, Missouri, USA) was prepared in tetrahydrofuran (reagent A.C.S., Sigma-Aldrich); then, to each 2 mL of this solution 1.3 mL of ethanol (Scharlab, S.L., Sentmenat, Spain) were added and the solution was stirred. A few drops of the mixture were dipped onto a 0.25 mm-thick smooth PS film (Goodfellow Cambridge Ltd., Huntingdon, England); after 10 s, the substrate with the mixture was immersed in ethanol for 1 min. Finally, the surface was dried under a nitrogen flow and a rough superhydrophobic PS surface was obtained. The treated film was then cut into 9-mm-diameter circular or 5 × 30 mm 2 rectangular samples for further processing, characterization, or use.
Plasma treatment
To control surface wettability we employed a plasma discharge in an argon working atmosphere. 11, 35 The plasma treatment was carried out in a PICCOLO apparatus (Plasma Electronic GmbH, Neuenburg, Germany) for low pressure plasmas (10 to 100 Pa), which has a stainless steel vacuum chamber with a volume of 45 L. Plasma was generated using a 2.45 GHz-microwave system Gigatron ® , with a discharge power up to 600 W.
Concretely, the process started with the evacuation of the air present in the chamber until a base pressure of 18 Pa was achieved; after 15 s of homogenization with a controlled flow of argon (100 sccm), the plasma was generated at 30 W for a treatment time up to 150 s, inducing the oxidation of the samples and the consequent change of wettability. 35 
Preparation of the surface gradient
In order to obtain a gradient of wettability, a moving mask was used to allow a gradual exposition of 5 × 30 mm 2 rectangular samples to the Ar-plasma (Fig. 3a) . A stepper motor built inhouse with commercial parts (LEGO Technic, The LEGO Group, Billund, Denmark) was introduced into the vacuum chamber and pulled the mask at a constant velocity of 140 μm s
during a treatment time of 70 s. The introduction of the motor inside the vacuum chamber forced the base pressure to increase to 99 Pa, in which conditions a plasma discharge of 70 s is sufficient to yield a superhydrophilic surface.
Water contact angle
Static water contact angles (WCAs) were measured using the video-based optical contact angle measuring instrument OCA 20 (DataPhysics Instruments GmbH, Filderstadt, Germany) and water, reagent A.C.S. (Sigma-Aldrich), using the sessile drop method; the volume of the drop was 4 μL. The stability of the measurements was checked up to 30 d after the surface treatments.
Scanning electron microscopy
The samples were sputter coated with gold and their morphology was analyzed with a JEOL JSM-6300 scanning electron microscope (SEM) (JEOL Ltd, Tokyo, Japan) via detection of the secondary electrons.
Atomic force microscopy
AFM analyses were performed using a Multimode AFM equipped with a NanoScope IIIa controller (Veeco Instruments Inc., Plainview, New York, USA) operating in tapping mode in air; the Nanoscope 5.30r2 software version was used for image processing and analysis. Si-Cantilevers from Veeco were used, with a force constant of 2.8 N m −1 and a resonance frequency of 75 kHz. The phase signal was set to zero at a frequency 5-10% lower than the resonance one. Drive amplitude was 200 mV and the amplitude set-point (A sp ) was 1.4 V. The ratio between the amplitude set-point and the free amplitude (A sp /A 0 ) was kept equal to 0.7. Height, phase and amplitude magnitude were recorded simultaneously for each image. Height signals were used to calculate the roughness of the surfaces using the Nanoscope 5.30r2 software. in Dulbecco's phosphate buffer saline (DPBS) (Sigma-Aldrich) for 1 h. After adsorption, samples were rinsed in DPBS to eliminate the non-adsorbed protein.
Protein adsorption
Western blot
To quantify the amount of adsorbed fibronectin, we measured the protein remaining in the supernatant, i.e., the amount of protein that remained in solution after adsorption, as explained elsewhere. 71 Briefly, different aliquots of nonadsorbed protein were subjected to 5% sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE), using Laemmli buffer 2 × and standard denaturing conditions. Proteins were transferred to a positively charged polyvinylidene difluoride nylon membrane (GE Healthcare, Little Chalfont, United Kingdom) using a semi-dry transfer cell system (BioRad Laboratories Inc., Hercules, California, USA), and blocked by immersion in 5% skimmed milk in PBS for 1 h at room temperature. The blot was incubated with anti-human fibronectin polyclonal antibody (developed in rabbit, SigmaAldrich) (1 : 500) in PBS and washed three times (10 min each) with PBS containing 0.1% Tween 20 (Sigma-Aldrich) and 2% skimmed milk. The blot was subsequently incubated in horseradish peroxidase-conjugated donkey anti-rabbit immunoglobulin G (GE Healthcare) diluted 1 : 50 000 in PBS containing 0.1% Tween 20 and 2% skimmed milk (1 h at room temperature). The enhanced chemiluminescence detection system (GE Healthcare) was used according to the manufacturer's instructions prior to exposing the blot to an X-ray film for 1 min. Image analysis of the western bands was done using in-house software developed under MATLAB R2009b (The MathWorks Inc., Natick, Massachusetts, USA). All the western blotting bands were digitized using the same scanner (Epson Stylus Photo RX500, Seiko Epson Corp., Nagano, Japan) and the same scan parameters: 8 bits gray scale image and 300 dpi. The digitized images were binarized using the Otsu method, which chooses the threshold that minimizes the intraclass variance of the thresholded black and white pixels, in order to create a mask that automatically selected the edge of each western blot band. 72 This mask was applied to a negative version of the original scanned picture providing a resulting image which contained only the western bands. The last step of the process consisted of adding all the pixels that conformed each band correctly weighted by their intensity level.
Enzyme-linked immunosorbent assay
After FN adsorption and rinsing in DPBS, surfaces were blocked against non-specific antibody binding using a blocking buffer (1% BSA-DPBS) for 30 min at 37°C. They were then were incubated in the primary monoclonal antibody HFN7. HEPES buffer, 5 mL L −1 Triton X-100, pH 7.2) at room temperature for 5 min. Afterwards, samples were incubated with BODIPY FL phallacidin (Invitrogen Corp.) 1 : 40 at room temperature for 1 h. Finally, samples were washed twice in 0.5% Tween 20-DPBS before mounting with Vectashield containing DAPI (Vector Laboratories Inc.). A Nikon Eclipse 80i fluorescent microscope (Nikon Corporation, Tokyo, Japan) was used for cellular imaging. Cell density and differentiation were calculated by counting cell
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Biomaterials Science nuclei and the percentage of cells positive for sarcomeric myosin, respectively. Results were obtained by averaging the observations in three randomly selected fields for each one of the three replicas of every sample type. The CellC software was used for this purpose, after validation via comparison of software counts with manual enumeration of at least three images for each sample type. 73 
Statistics
Unless otherwise specified, each experiment was performed at least in triplicate, and the values of the measurements were reported as the average of the samples, with the variability expressed in terms of standard deviation. Statistically significant differences were determined by one-way ANOVA, with p < 0.05 or 0.1.
Conclusions
In this work, we have produced a family of surfaces with hierarchical roughness at the micro and nanoscale that, thanks to a plasma surface treatment at increasing times, span the entire range of wettability, from the superhydrophobic to the superhydrophilic regime. Likewise, we have employed the same methodology to achieve a superhydrophobic-to-superhydrophilic surface gradient. To our knowledge, this is the first study where protein adsorption, not only in terms of amount, but also of conformation, and cell response, particularly in terms of a higher order cellular activity, such as differentiation, have been characterized along this entire range of wettabilities. Specifically, these surfaces modulate fibronectin conformation: the availability of cell-adhesive epitopes exhibits a non-monotonic dependence on wettability, with a higher fibronectin activity on the hydrophilic substrate. On the other hand, the exposure of cell-binding sites is diminished on the surfaces with extreme wetting properties, the conformation being particularly altered on the superhydrophobic substrate. C2C12 cells respond accordingly to the fibronectin-coated substrates: the hydrophilic surface supports enhanced myogenic differentiation, both on the discrete uniform samples and along the gradient; moreover, on the superhydrophobic surface the altered fibronectin conformation delays cell adhesion, further retaining the myogenic differentiation process. Finally, the analysis of the cell response along the superhydrophobic-to-superhydrophilic gradient reveals that the exposure of the cells to a continuous range of dynamically changing stimuli alters cell behavior in a way that hampers the overall levels of differentiation and enhances the differential response, as measured by the degree of myogenic differentiation, to the different wettabilities.
